A sensitive, fast, and reproducible high performance thin-layer chromatographic method has been developed for simultaneous analysis of diosgenin and quercetin from fenugreek seeds, using TLC aluminium plates precoated with silica gel G60F254. Among the different combinations of mobile phases used, best separation was achieved in Toluene-ethyl acetate-formic acid (5 : 4 : 1,v/v/v). Densitometric scanning of the plates directly at 275nm was used for analysis of quercetin. While as for analysis of diosgenin, plates were scanned at 450nm after spraying with anisaldehyde-sulphuric acid reagent. The retardation factorvalue of diosgenin and quercetin was found to be 0.69 ± 0.02 and 0.57 ± 0.02, respectively. The method was validated for specificity, precision (intraday and interday), accuracy, and robustness. Accuracy of the method was checked by recovery study of three different levels with the average percentage recovery of 99.13 ± 0.26 for diosgenin and 99.63 ± 0.34 for quercetin, respectively. Dried fenugreek seed samples were found to contain diosgenin in the range of 0.113-0.135% (w/w) and quercetin in the range of 0.009-0.012% (w/w). The present method is being reported for the first time and can be used for routine quality control and quantification of these marker compounds in various plant samples, extracts, and market formulations.
Introduction
Fenugreek (Trigonella foenum-graceum Linn., Fam. Leguminosae), highly esteemed by both east and west, has a long history of being used as a medicinal herb and has been regarded as a treatment for just about every ailment known to man [1] . Right from early times, it has been extensively used in both Indian Ayurveda and Unani systems of medicines as well as traditional Chinese medicines for treatment of epilepsy, paralysis, gout, dropsy, chronic cough, diabetes, piles sinus, and lung congestion, inflammation, infection mitigation, hair treatment, breast enhancement, and aphrodisiac effects [2] [3] [4] . The crop species has also long been used as a galactagogue to promote lactation in weaning mothers as well as for its ability to treat wounds and sore muscles [2, 5] . With the growing need for safer drugs, such type of traditional herbal medicines have been extensively preferred to prevent and cure human diseases because of easy accessibility by the local people and most importantly low toxicity [6] . Therefore, in view of this, human use of fenugreek is expected to increase day by day. Research literature survey suggests pharmacological properties of fenugreek seed are attributed to presence of specific bioactive compounds like steroidal diosgenin, alkaloid trigonelline, flavonoid quercetin, galactomannan, and unusual amino acid 4-hydroxyisoleucine [7] . Among these above mentioned key bioactive compounds of fenugreek, diosgenin, and quercetin (Figure 1) , have been reported to be of utmost importance and are known to produce desired effects in consumers. Quercetin, a bioflavonoid, has been reported to have anti-inflammatory, antidiabetic, and anticancer activities and other properties including improving mental and physical performance [8] . It has also been reported to attenuate thermal hyperalgesia in a mouse model of diabetic neuropathic pain [9] . Likewise, nowadays, there is considerable commercial interest in growing fenugreek for its high sapogenin content [10] mainly diosgenin (25R)-spirost-5-en-3 -ol) that in addition to possessing anti-rheumatic and anti-viral properties, suppresses inflammation, inhibits proliferation, and induces apoptosis in a variety of tumour cells [11] . In the production of steroidal drugs and hormones such as testosterone, glucocorticoids, and progesterone, diosgenin is often used as a raw precursor [12] . Due to innumerable health benefits of such phytochemicals, currently, great attention is being given to determine quality, efficacy, and standards of the herbal raw material and formulation like Mustakarista and Mrusanivari Sura Ayurvedic Pharmacopoeia reported to contain fenugreek seeds [11] . Diosgenin and quercetin are very important bioactive constituents of fenugreek seeds; therefore, there is an urgent need to develop a simple method for simultaneous estimation of these two chemotherapeutic compounds using sophisticated instruments like high performance liquid chromatography (HPLC) and (HPTLC). Till date, several analytical methods including colorimetry, spectrophotometry, HPLC, HPTLC, and TLC have been reported for analysis of diosgenin or quercetin in fenugreek individually [6, 13, 14] . However, literature survey shows no single quantitate method available for simultaneous estimation of diosgenin and quercetin from fenugreek or any other plant.
Keeping in view widespread use of fenugreek seeds by general population and the expected increase in its therapeutic use for a number of diseases, the present study was carried out with an objective of developing a validated sensitive and fast HPTLC method for simultaneous determination and quantification of quercetin and diosgenin in fenugreek. The method is being reported for the first time and can widely be applied for routine analysis and quality assurance of related extracts, drugs, and polyherbal formulations.
Experimental

Plant Samples and Chemicals
(a) Standard diosgenin (98%) and quercetin (98%) were procured from MP Biomedicals (USA) for development of method. Three batches of authenticated fenugreek seeds (IL1, IL2, and IL3) were procured from Division of Vegetable Sciences, Sher-e-Kashmir University of Agricultural Sciences and Technology, Shalimar, Kashmir, India. (b) Anisaldehyde-sulfuric acid spray reagent-To 0.5 mL of anisaldehyde reagent (Sd fine chemicals, Mumbai, India), 10 mL of glacial acetic acid (Thomas Baker, Mumbai, India), and 85 mL methanol (Merck, India) were added followed by addition of 5 mL concentrated sulphuric acid (Loba Chemicals, India). (c) All the other chemicals and solvents used in current study were of AR and HPLC grade (E. Merck, Mumbai, India).
Preparation of Standard Solution.
Standard solution of diosgenin (98%) and quercetin (98%) were prepared either separately or in a mixture at a concentration of 1 mg mL −1 each in absolute methanol. Ultra sonication of mixture was required to ensure complete dissolution.
Sample Preparation.
Accurately weighed fenugreek seed powder (1.0 g) from three batches of fenugreek was taken separately in 100 mL round bottom flasks. Selection of extraction solvent was performed with 25 mL of 1 M acidified (sulphuric acid) ethanol (25%, 50%, 70%, and 100%), 1 M acidified (sulphuric acid) methanol (50% and 100%), and water. The mixtures were refluxed for 60 minutes at 100 ∘ C in a heating block (Multi-Block, Labline Instruments, IL) to hydrolyze naturally occurring glycosylated dioscin and quercetin aglycone conjugates and to yield free diosgenin and quercetin in solution as reported earlier for these two compounds individually [15] [16] [17] . After hydrolysis, the solutions were cooled, filtered, and concentrated at 50 ∘ C with a rotatory evaporator (Buchi Rotavapor-R, Shivaki, India). The concentrates were made alkaline with 25% ammonia solution (pH > 12) and diluted with double volume of distilled water. Reextraction of concentrated solutions was performed three times each with different solvents including dichloromethane (DCM), ethyl acetate, acetone, and hexane in order to get maximum yield of diosgenin and quercetin in selected solvent. The pooled extracts from each solvent were washed first with 2 mL of 0.1 M sodium hydroxide to remove the free fatty acids, and then 1 mL of distilled water was added to remove the remaining hydrophilic contaminants.
The washed extracts were quantitatively transferred to a 50 mL flask, and then evaporated to dryness with a rotary evaporator (Buchi Rotavapor-R, Shivaki, India) at 50 ∘ C. The dry residue obtained were dissolved in 5 mL of methanol and an aliquot of the reconstituted solution was filtered through 0.45 m polypropylene membrane filter (Fisher Scientific, India) before HPTLC analysis.
HPTLC Instrumentation and Experimental Conditions.
Before use, precoated silica gel TLC (E. Merck, Darmstadt, Germany) plates 60F 254 (20 cm × 10 cm with 0.2 mm thickness) were prewashed by dipping the plates in methanol and the solvent was allowed to overrun the plate followed by drying in fume hood. The plates were activated at 60 ∘ C for 5 min prior to chromatography. Sample solutions were applied onto the plates with semiautomatic TLC sampler Linomat V (Camag, Muttenz, Switzerland) controlled by WinCATS software version 1.4.4. A constant application rate of 80 nLs −1 was employed with a band width of 3.0 mm and distance between two bands was 6.2 mm. The plates were developed in 20 × 10 cm twin trough glass chamber (Camag, Muttenz, Switzerland) containing 25 mL of mobile phase as mixture of toluene : ethyl acetate : formic acid (5 :
The optimized chamber saturation time for mobile phase was 15 minutes at room temperature (25 ± 2 ∘ C) and 60 ± 5% relative humidity. The length of chromatogram run was up to 80 mm from the point of application (10 mm). After development, chromatographic plates were dried for 5 minutes in a current of air with the help of a hair dryer in normal mode. Quantitative evaluation of plate was performed with slit dimension of 3.0 × 0.45 mm and scanning speed of 20 mm s −1 . For quantification of quercetin, the plates were directly scanned within 10 minutes using densitometric scanner III with WinCATS software (Camag) in the UV mode with the deuterium source set at 275 nm. The spots corresponding to quercetin were observed at = 0.57 ± 0.02. For diosgenin, the dried plates were dipped into the anisaldehyde-sulphuric acid detection reagent and dried for 10 minutes under hot air followed by placing in an oven at 105 ∘ C for 10 minutes. The plates were scanned within 10 minutes using densitometric scanner III with WinCATS software (Camag) in the visible mode with the tungsten halogen source set at 450 nm. The spots corresponding to diosgenin were observed at = 0.69 ± 0.02. The data obtained was analysed by WinCATS software measuring peak areas and linear regression ( Table 1) .
Estimation of Diosgenin and Quercetin for Preparation of Calibration Curves.
Calibration was performed by application of variable concentrations of respective standard solutions (1 mg mL −1 ) of quercetin and diosgenin on HPTLC plates. Both the standards were spotted at 0.1-2.0 L in triplicate on 20 × 10 cm TLC plates for preparing six point linear calibration curves. The calibration graph was plotted using the concentration versus average peak area at 450 nm and 275 nm for diosgenin and quercetin, respectively. Peak area and concentration data were treated by linear leastsquares regression analysis. From each of the three samples, 4.0 L of the extracts were applied in triplicate on the HPTLC plates so that the sample zone scan areas matched the scan areas of the standards in the middle of the calibration range, that is, 500 ng per band for quercetin and 500 ng per band diosgenin. The experimental parameters were identical for all the above analysis.
Validation of Method
2.6.1. Linearity. The linearity of the method was assessed by the analysis of standard solutions (1 mg mL −1 ) of the two substances at six concentration levels, that is, 0.1-2.0 L of each diosgenin and quercetin standards, respectively. The linearity was evaluated using linear least-squares regression analysis for generation of calibration curve. The regression equation with slope, intercept, and coefficient of correlation ( ) was calculated ( Table 1) . (LOQ) . The compounds were detected on the basis of value as well as UV/Visible spectral overlaying of respective standard compounds. Standards were diluted and applied on HPTLC plates to plot the calibration curves. The LOD was determined based on the lowest concentration detected by the instrument from each of two standards, while the LOQ was determined based on the lowest concentration quantified in the samples (Table 1) .
Limit of Detection (LOD) and Limit of Quantification
System Precision.
Instrumental precision was checked by analysing spots derived from applying 250 ng of standard diosgenin per spot and 500 ng of standard quercetin per spot six times each, respectively. The precision of values were evaluated and expressed as percentage relative standard deviation (RSD, %,) for the specific marker band ( Table 1) .
Method Precision (Repeatability).
The repeatability of the method was assessed by extracting test portions of each of the three seed samples 6 times each and analysing each extract accordingly by HPTLC method. The percentage relative standard deviations were expressed as RSD (%) ( Table 1) .
Accuracy (Recovery).
The accuracy of the method was assessed by spiking preanalyzed samples with known amounts of standard quercetin and diosgenin solution and then reanalysed by the HPTLC method. The spiking was done at three different concentration levels and average percent recovery at each concentration levels was calculated ( Table 2) . The experiment was conducted in triplicate. (Reproducibility) . The intraassay precision of the developed methodology was evaluated by analysing three replicates of two substances at three concentration levels, that is, standard solutions of quercetin (200, 400, and 900 ng per band) and diosgenin (100, 250, and 450 ng per band) on the same day. While interassay precision was evaluated at the same levels in three different laboratory days. Further, test portions of the seed samples from the same batches were processed and analysed three times on three different laboratory days. The data generated was evaluated and results expressed as (%) RSD (Table 3) .
Intermediate Precision
2.6.7. Specificity. The specificity of the method was ascertained by analysing standards and extract samples of equivalent concentrations. The bands for diosgenin and quercetin in the sample were confirmed by comparing the value and spectra of the band from sample and standard solution. The peak purity (98%) of standard diosgenin and quercetin was assessed by comparing the spectra at three levels including peak start, peak apex, and peak end. Peak purity of the sample was determined by comparing overlaid spectra of the diosgenin or quercetin in sample and standard chromatograms (Figures 3(a) , 3(b), and 6).
2.6.8. Robustness. The robustness of the method was studied by introducing small deliberate changes in experimental conditions and results examined. For example, change in composition of mobile phase (Toluene-ethyl acetate-formic acid) was tried at four levels, that is, 5 : 4 : 1, 5 : 3 : 1, 4 : 4 : 1:, and 4 : 5 : 1 v/v/v as well as effect of amount of mobile phase, time from spotting to chromatography, development distance (±5 mm), and scanning were also investigated. The robustness of the method was performed in triplicate and the results were expressed as RSD (%) of the peak area (Table 1 ).
Results and Discussion
A quantative HPTLC method that gives dense and compact spots with significant values for simultaneous determination of diosgenin and quercetin in fenugreek seeds was developed. The effect of extraction solvent was investigated by introducing a single factor test. As the flavonoids and saponins are polar compounds, the polar solvents like ethanol, methanol, water, and their combination can be employed for better extraction of these substances than nonpolar ones. For development of successful method, the first important step is to optimise the solvent system for good extraction efficiency. In the current study, three solvent systems namely ethanol (25, 50, 70, and 100%), methanol (50%, 100%), and water were investigated. Small amount of acid or water in the hydrolysing solvent can significantly improve the hydrolytic efficiency due to the increased polarity of the solvent. As shown in Figure 4 , acidified absolute ethanol (100%) was found to be the optimum extraction solvent for both quercetin and diosgenin as acidification enables the solvent to penetrate the plant matrix easily and facilitate better mass transfer of saponins and flavonoids into the extracting solvent. To optimise the efficient reextraction of diosgenin and quercetin from acidified ethanol extracts, different solvent including n-hexane, acetone, dichloromethane, and ethyl acetate were evaluated. Among different solvents tested, dichloromethane was found to be the optimal reextraction solvent ( Figure 5 ).
As standardization of suitable mobile phase equally plays a very crucial role in chromatographic methods.As far as, individual estimation of diosgenin and quercetin by chromatographic methods is concerned, a number of solvent systems have been reported. However, there has not been cited a single report for separation of diosgenin and quercetin simultaneously in a single solvent system. Therefore, in this study, several solvent systems used for individual estimation of quercetin and diosgenin were investigated to evaluate the combinatorial separation of these two compounds in a single solvent system and between different components of the extract. Among the different solvents systems investigated, mobile phase consisting of toluene : ethyl acetate : formic acid in the ratio of 5 : 4 : 1 v/v/v demonstrated compact spots ( Figure 2 ) with typical Gaussian shaped peaks for diosgenin ( = 0.69±0.02) and quercetin ( = 0.57±0.02) with good resolution between other peaks of the extract (Figures 3(a) and 3(b)). The six point linear calibration curves of quercetin and diosgenin were linear in the range of 100-1000 ng for quercetin and 100-500 ng for diosgenin, which indicates that the method has good sensitivity. Both the compounds were separated clearly and acted as reference for identification of them in sample extracts from IL1, IL2, and IL3. The identity of bands of quercetin, and diosgenin in sample extracts were confirmed by overlaying their UV-Vis absorption spectrum with that of standards using a CAMAG TLC scanner 3, version 1.2.3 (Figure 4 ). Specificity of the proposed method was evaluated by comparing the values acquired from standards and from test samples separated under identical conditions (Figures 3 and 4 ). The purity (98%) of the bands of diosgenin and quercetin in sample extracts was confirmed by comparing the spectra at various points including peak start, peak apex, and peak end positions of the spot. Good correlation ( = 0.99) was obtained between overlaid spectra of diosgenin and quercetin in standard and sample extracts ( Figure 6 ).
As shown in Table 1 , the lower limits of detection (LOD) obtained for quercetin and diosgenin were 15.3 and 12.52 ng/spot, respectively, with good linearities, while the limit of quantification (LOQ) obtained was 45 and 40 ng spot −1 , respectively, indicating the sensitivity of the method to be adequate. The instrumental precision and repeatability of the method were assessed by determination of the RSD (%) of peak area (Table 1 ). Intraday and interday precision were studied by triplicate assay of three different concentrations of diosgenin (100, 250, and 450 ng per band ng/band) and quercetin (200, 400, and 900 ng/band) on the same day and on three different days. Low RSD values obtained indicated that the method is precise ( Table 2 ). As shown in Table 3 , good recoveries were obtained by the enrichment of the sample at three different concentration levels. The percent recoveries obtained after sample processing and applying were found to be encouraging that lie in the range of 99.13 ± 0.26% for diosgenin and 99.63 ± 0.34% for quercetin. Measurements of parameters for determination of robustness indicated that the method was able to withstand minor experimental changes (Table 1) .
Interestingly, while using the developed method, the amount of diosgenin in dried powdered samples of fenugreek Figure 6 : Overlaid in situ spectra of diosgenin and quercetin acquired by proposed method from standards and samples (peak purity of the sample).
seed obtained from IL1, IL2, and 1L3 cultivars was found to be 0.116% (w/w), 0.135% (w/w), and 0.113% (w/w), respectively, and quercetin to be 0.009% (w/w) in IL1, 0.0121% in IL2, and 0.011% in IL3 cultivar ( Table 4 ). The values are in good agreement with those values cited earlier for fenugreek in 
Conclusion
TLC is an invaluable tool for standardization of herbal drugs and health foods. As herbal preparations have chemical complexities due to presence of different bioactive constituents and it is not possible to determine them by one method. The reported HPTLC method is an attractive simple, rapid, and selective method for the simultaneous quantitative determination of flavonoid quercetin and steroid diosgenin in fenugreek extract. This method could be widely applied for direct routine analysis and quality assurance of related extracts and drugs. Through this reported method, bioactive constituents of other plants with such attributes could be identified and used for selection of suitable genotypes that can be further developed into cultivars specific for the natural health product processing industry.
